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Abstract: 
The Ray-Casting algorithm is an important method for 
fast real-time surface display from 3D medical images. Based 
on Ray-Casting algorithm, a novel parallel Ray-Casting 
algorithm is proposed in this paper. A novel operation is 
introduced and defined as a star operation, and star operations 
can be computed in parallel in the proposed algorithm 
compared with the serial chain of star operations in the Ray-
Casting algorithm. The computation complexity of the 
proposed algorithm is reduced from O(n) to O(log2
n). 
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1. Introduction 
In recent years, the surface display from 3D medical 
image plays an important role in CT image display. Ray-
Casting algorithm is the most widely used in the surface 
display from 3D medical image [1]. Ray-Casting algorithm 
can get more effective image information and have high 
value in clinical studies [2][3]. However, it is difficult to 
achieve real-time display by using the traditional Ray-
Casting algorithm because the display speed is limited by the 
large number of radiation sampling and integration 
operations. Zhao et al. proposed an improved algorithm in 
2015 [4], which changes the draw order of Ray-Casting, and 
puts the gradient estimation, classification, coloring and 
shading calculations in preprocessing stage to reduce 
transmission process computing tasks. Fan et al. proposed an 
efficient Ray-Casting volume algorithm in 2014 [5], which 
is improved from ray leaping with back steps. In the Fang 
Fun’s algorithm, the technology of collision detection is 
introduced to reduce the number of projecting rays and avoid 
redundant ray sample calculations, and ray leaping method 
is used to skip empty voxel resampling in the collision 
detection bounding box and speed up the process of synthesis 
of ray, but a complex and inefficient pre-inspection process 
is used in the computer programming. Kang et al. proposed 
an algorithm in 2012 [6], which is based on CG language and 
programmed in GPU. In Kang’s algorithm, a sampling 
function with early opacity termination is used to accelerate 
the speed of Ray-Casting. 
Based on Ray-Casting algorithm, a novel parallel Ray-
Casting is proposed in this paper. Parallel resampling and 
fusion are conducted in resampling stage of novel parallel 
Ray-Casting. The ray of novel parallel Ray-Casting be 
divided into a plurality of sections, serial resampling and 
fusion are calculated in each section in parallel way.  
The paper is organized as follows. Section I is 
introduction. In section II, we introduce the mathematical 
background of Ray-Casting. In section III, a novel parallel 
Ray-Casting algorithm is proposed and described in detail. 
In section IV, the computation complexity and hardware 
resource are analyzed. Finally, section V gives the 
conclusion of the novel Ray Casting parallel algorithm. 
2. Mathematical Background of Ray-Casting 
The first step of Ray-Casting algorithm is data 
preparation. Then, resampling the data and two arrays are 
calculated, C = (C1,C2, ⋯Ci-1)  and O = (O1,O2, ⋯Oi-1) . 
Within the array C and O , Ci-1 and Oi-1 are the output 
color and opacity of the (i - 1)th voxel respectively, and the 
input color and opacity of the ith voxel at the same time. 
Rays are then cast into these two arrays from the observer 
eyepoint. For ith  voxel in each ray, a vector (Xi,Yi) 
represents the opacity and color at the ith voxel, Xi and Yi 
is computed by tri-linearly interpolating from the colors and 
opacities in the 8 voxels closest to each sample location.  
 
i-n i-1 i i+1 i+n
eyepoint
... ...
Ci-1 Ci
Yi
Oi-1 Oi
Xi  
Figure 1. Schematic of merge process 
Finally, assuming that the output color and opacity of 
the  (i - 1)th voxel are reached, the output color and opacity 
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of the ith voxel can be calculated based on Ci-1, Oi-1, and 
the vector (Xi,Yi), as follows,  
Ci = 
Ci-1 × Oi-1 + Yi × Xi × (1 - Oi-1)
Oi
 
Oi = Oi-1 + Xi × (1 - Oi-1)           (1) 
then 
Ci+1 = ai × Ci + bi              (2) 
where  ai = 
Oi-1
Oi
,  bi = 
Yi × Xi × (1 - Oi-1)
Oi
,  Ci = Oi-1.  
Based on the equation (2), the traditional Ray-Casting 
algorithm is a serial one because Ci+1 depends on Ci-1. 
3. A Novel Algorithm 
As shown in figure 1, the traditional Ray-Casting 
algorithm is serial. In order to meet the requirements of real-
time performance of 3D Medical Image reconstruction, a 
novel parallel Ray Casting algorithm is proposed in this 
section, and a new operation is introduced. 
Firstly, a star operation “∗” is defined as, 
�a[i, j] ,b[i, j]�=�a[i, m],b[i, m]�*�a[m-1,j],b[m-1,j]� 
=�a[i, m]a[m-1,j]�+b[i, m]     (i>m>j)    (3) 
within a[i, j]=aiai-1⋯aj+1aj, 
b[i, j]=aiai-1⋯aj+1bj+aiai-1⋯aj+2bj+1+⋯+ai-1+bj. 
Equation (2) leads to 
Ci+1=aiai-1⋯a2a1cin+aiai-1⋯a2b1+ 
aiai-1⋯a3b2+aiai-1bi-2+aibi-1+bi     (4) 
Considering Ci+1  as a linear function of cin , the 
coefficient of an item and constant term of equation (2) can 
be regarded as 
[(aiai-1⋯a2a1),(aiai-1⋯a2b1+aiai-1⋯a3b2+ 
aiai-1bi-2+aibi-1+bi)]            (5) 
Above expression can be formalized as 
[(aiai-1⋯a2a1),(aiai-1⋯a2b1+aiai-1⋯a3b2+ 
aiai-1bi-2+aibi-1+bi)] 
=(ai,bi)*(ai-1⋯a2a1, ai-1⋯a2b1+ai-1⋯a3b2+⋯ 
+ai-1bi-2+bi-1) 
=(ai,bi)*(ai-1,bi-1)*(ai-2⋯a2a1, ai-2⋯a2b1+ 
ai-2⋯a3b2+⋯+bi-2) 
=⋯⋯ 
=(ai,bi)*(ai-1,bi-1)*⋯*(a2, b2)*(a1, b1) 
=(a[i, j],b[i, j])*(a[j-1,k],b[j-1,k])*⋯*(a[m-1,n], b[m-1,n])* 
(a[n-1,1], b[n-1,1])                      (i>j>k>⋯>m>n>1) (6) 
Obviously, equation (6) implies that input variables 
(ai,bi) (or (a[i, j],b[i, j])) meet associativity of “∗” operation 
in traditional Ray Casting, so a novel parallel algorithm is 
reached. The equation is showed as, 
[(aiai-1⋯a2a1),(aiai-1⋯a2b1+aiai-1⋯a3b2+ 
aiai-1bi-2+aibi-1+bi)] 
=(a1,b1)*(a2,b2)*⋯*(ai-1,bi-1)*(ai,bi) 
=[(a1,b1)*(a2,b2)]*[(a3,b3)*(a4,b4)]*⋯* 
[(ai-3,bi-3)*(ai-2,bi-2)]*[(ai-1,bi-1)*(ai,bi)] 
=⋯⋯ 
=(a[1, n-1],b[1, n-1])*(a[n, m-1],b[n, m-1])*⋯* 
(a[k, j-1], b[k, j-1])*(a[j, i], b[j, i]) 
(i>j>k>⋯>m>n>1)   (7) 
4. Analysis of Computational Complexity 
In figure 2 as follows, it is shown that the computation 
complexity is reduced from O(n)  to O(log2
n)  in the 
proposed parallel ray casting algorithm. Compared with only 
one-star operation unit used in the traditional ray casting 
algorithm, 𝑛𝑛
2
  star operation units are need to be 
implemented in the proposed algorithm to achieve the 
computation complexity O(log2
n). 
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(a) Serial chain in the traditional ray casting algorithm 
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(b) binary tree structure in the parallel ray casting algorithm 
Figure 2. Structure comparison between traditional and 
proposed casting algorithm 
5. Conclusions 
A novel parallel Ray-Casting algorithm is proposed 
based on traditional Ray-Casting algorithm in this paper. A 
new operation, which is called the star operation, is defined, 
and star operations can be computed in parallel since they 
meet the associative law. Compared with the traditional 
algorithms, the computation complexity of the proposed 
algorithm is reduced from O(n) to O(log2
n). In the parallel 
Ray-Casting algorithm, n
2
 star operation units are needed to 
achieve the best performance. 
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